INTRODUCTION
Caprella mutica Shurin, 1935 is one of the most widely distributed amphipod species, occurring in temperate to cold waters of the northern Hemisphere, mostly as an introduced taxon. Caprella mutica was originally recorded by Schurin (1935) from Peter the Great Bay in the northern part of the Sea of Japan off the Siberian coast. The species is also recorded from Hokkaido, Japan (Arimoto, 1976) . In the 1970s, C. mutica was found as an introduced species on the Pacific coast of North America. It was first reported (as C. acanthogaster humboldtiensis Martin, 1977 ) from collections of hydroids in Humboldt Bay, California (Martin, 1977) . Martin (1977) suspected that this species was introduced into Humbolt Bay as a fouling organism on ship hulls, or as a ''hitchhiker'' with oyster spat from Japan. Marelli (1981) concluded that C. acanthogaster humboldtiensis is conspecific with C. mutica, extending the distribution of the species southward to Monterey Bay, California. Caprella mutica was first found in the North Atlantic in 1995 off the coast of the Netherlands (as C. macho Platvoet et al., 1995) . Subsequently, the occurrence of C. mutica was widely reported around northern European from Ireland (Tierney et al., 2004) , Scotland (Willis et al., 2004) and east coast of France (Breton, 2004) .
In July 2002, C. mutica was introduced into the Port of Nagoya Public Aquarium (located between Tokyo and Osaka, central Japan) from Fukushima Pref. (located north of Tokyo in northeastern Japan). Subsequently, the species occurred in large quantities in an exhibition tank until at least October 2007. Here, we report on the rearing method in the exhibition tank system, along with notes on population structure about two years after the introduction.
MATERIALS AND METHODS

Rearing Method
The Aquarium is located in the public port of the Nagoya (35.098N/ 136.888E) situated in the innermost part of Ise Bay, central Japan, outside the native range of C. mutica. The rearing system is divided into two parts (Table 1, Figs. 1, 2) . One is the exhibition tank that has dimensions of 65 3 175 3 60 cm and a volume of about 500 l connected to biological filtration and circulation systems, a biological filter, and a heating/chilling unit. The seawater around the aquarium is unsuitable for raising marine organisms and artificial seawater, Reef CrystalsÔ (Aquarium Systems, Inc., Mentor, Ohio, USA) was used. Usually about 25% of the seawater was exchanged each month. The biological filter was necessary in order to oxidize toxic NH 4þ ions to NO 3À ions. This metabolic conversion was carried out by nitrifying bacteria attached to the filter. Coral sand was used as the filter matrix. The seawater temperature was set at 198C using a heater/chiller unit. The water in the exhibition tank was usually exchanged ca. 2.9 times/h.
Caprella mutica was introduced into the Aquarium attached to a ''hoya'' Halocynthia roretzi (von Drasche, 1884), collected from the Pacific coast of Fukushima Pref., 2 July 2002. About 50 individuals were kept initially in an exhibition tank. The water flow was stopped for about 2 h every day in order to feed the caprellids with diatoms (Phaeodactylum tricornutum (Bohlin, 1897)) and brine shrimp (Artemia salina (Linnaeus, 1758)). The diatom was cultured in medium containing nutrients listed in Table 2 . About 900 ml of the diatom with a density of 3 3 10 7 cell/ml were introduced into the tank. Cysts of A. salina (Ocean Star International, Inc., Snowville, Uta, USA) were hatched in an aerated polycarbonate tank of 32 l volume, and provided with the diatom along with Marine Glos and Marine Omega-A, both of which were nutrition fortifying agents made by Nisshin Marine Tech Co., Ltd. (Tokyo, Japan). About 500 ml of A. salina culture 1-2 days post hatch with a density of 50 ind./ml were introduced into the tank. The population of C. mutica increased rapidly so that it was large enough for public viewing in the Aquarium (Fig. 3) .
On the public side of the tank, magnifying instrumentation provided a large screen view. This technology proved very useful for viewing rather small animals.
Methods for Studying Reproductive Biology
About 18 months after the introduction of the caprellids into the system (26 January 2004), three Teflon mesh plates measuring 15 cm 3 15 cm (thickness, 0.35 mm; mesh size, 1.5 mm) were set out in the middle of the tank. The plates were recovered two months later (23 March 2004) . All caprellids on the mesh plates were collected carefully and preserved in 5% formalin neutralized with seawater. All ovigerous females were picked out and preserved in a small glass vial (10 ml), thus avoiding release of embryos from the brood subsequent to collection. Body length (the basal part of antenna 1 on the head to the posterior end of pereonite 7) was measured under a binocular microscope. Gender of males was determined by the presence of masculine abdominal appendages. For ovigerous females, we recorded the presence/absence and number of embryos (or juveniles), and measured the longest and shortest dimensions of the embryos. The categories of early and late stages used were those of Takeuchi and Hirano (1992b) .
RESULTS
In total, 680 individuals were collected at an average (6 SD) density/15 3 15 cm plate of 226.7 6 69.8 indiv. The sex ratio (females/[females þ males]) was 0.50 6 0.01. The males reached a body length of up to 20.5 mm, while the largest female was 10.4 mm long (Fig. 4) . The modal length of mature females was 6-8 mm, while the mean length was 8.1 6 1.1 mm. The males had different modal and mean lengths.
Among mature females collected, 28 had embryos inside their brood pouches, while nine had juveniles on their pouches. The average number of embryos/female was 33.0(6 15.5); the embryo number per female increased exponentially with body length (P , 0.001) (Fig. 5) . Embryo size at the early stage was 0.38 6 0.02 and 0.30 6 0.02 mm in long and short axes, respectively. For the late stage, the respective dimensions were 0.41 6 0.01 3 0.33 6 0.01 mm. The average body length of juveniles in the broud pouch was 1.4 6 0.1 mm.
DISCUSSION
Exhibitions of caprellid amphipods in public aquarium have rarely succeeded. Three species of Caprella are recorded in a published list of exhibited animals in Japanese zoos and aquariums: C. kroyeri de Haan, 1849 and Caprella sp. in the Tokyo Sea Life Park and C. scaura Templeton, 1836 in the Shimoda Aquarium, Shizuoka, Pref. (Anonymous 2003a (Anonymous , b, 2005a . However, we know of no reports on long term Caprella exhibits. Moreover, there are no literature descriptions of the rearing methods for the Caprella species listed above. Thus, it is not clear whether the respective aquaria were able to induce reproduction of caprellids, which is a necessary requirement for long-term exhibits.
Our rearing method has maintained C. mutica for at least five years in the public aquarium. During this time the animals have been continuously available for pubic viewing. Moreover, a sub-population of C. mutica was transferred at Artificial sea water 1000 ml 48C to Ehime University (situated about 400 km west of Nagoya) for acute ecotoxicity test of artificial chemicals. In addition to C. mutica, Antarctic krill Euphausia superba Dana, 1850 has also been successfully bred in the Port of Nogoya Public Aquarium allowing public exhibition since 1997 (see Hirano & Matsuda, 2003) . Females of Caprella, as is usual for Peracarida, keep their eggs within the brood pouch, and juveniles hatch directly from eggs as miniatures of adult morphology. Caprella spends its entire life on the substratum, e.g., seaweeds or hydroids. The body form appears well adapted to this mode of life in that the abdominal appendages are reduced (these are used for swimming in other amphipods) (Takeuchi & Hirano, 1995) . Generation length and life-span of Caprella have been well described from laboratory experiments. Caprella danilevskii Czerniavski, 1868 has the short generation length of 25.6 days at 208C. This includes the incubation time of embryos, and the maturation time of hatched juveniles. Females produce eggs, on average 5.4 times after maturation (Takeuchi & Hirano, 1991) . The average life-span of C. danilevskii in the laboratory is 46.5 days for males and 46.0 days for females. The life-span of C. okadai Arimoto, 1930 reared under the same conditions, is similar to that of C. danilevskii (Takeuchi & Hirano, 1992a) . The generation lengths of C. danilevskii and C. okadai at 128C are estimated as 53.2 days and 54.9 days, respectively (Takeuchi & Hirano, 1992b) . Takeuchi & Hirano (1992b) reviewed embryonic sizes of 12 species of Caprella. The embryonic size of C. mutica ranges between 0.38 to 0.41 mm in the long axis, and 0.30 to 0.33 mm in the short axis, falling with the size span of the genus. The size ranges of C. mutica overlap those of C. danilevskii, which is 0.40 to 0.46 mm in the long axis, and 0.32 to 0.37 mm in the short axis. The average number of embryos in C. mutica in the present study is about double that in C. danilevskii (22.15 6 10.59, Takeuchi & Hirano, 1992b) . However, ovigerous females of C. mutica that are 6.74 mm in body length (the average of C. danilevskii ovigerous females) produce approximately the same number of embryos (17). The similarities between reproductive characteristics of the two species indicate that there must have been several generation turnovers each year since C. mutica was introduced into our aquarium and maintained constantly at 198C year-round. Clearly, this has been a successful enterprise and it will contribute to public interest and understanding of marine crustacean biodiversity. 
